Objective: To evaluate the relation of topical tretinoin, a commonly used retinoid cream, with all-cause mortality in the Veterans Affairs Topical Tretinoin Chemoprevention Trial (VATTC). The planned outcome of this trial was risk of keratinocyte carcinoma, and systemic administration of certain retinoid compounds has been shown to reduce risk of this cancer but has also been associated with increased mortality risk among smokers.
T HE POTENTIAL OF RETINOID compounds to prevent cutaneous malignant lesions has been of considerable interest, and some are effective for this purpose. [1] [2] [3] In an effort to clarify the role, if any, of topical retinoids in the prevention of keratinocyte carcinomas (basal cell and squamous cell carcinomas of the skin), we sought to determine whether high-dose therapy with topical tretinoin, 0.1%, could have a chemopreventive effect. In 1998, we launched the Veterans Affairs Topical Tretinoin Chemoprevention (VATTC) Trial, a randomized trial with new basal and squamous cell carcinoma as primary outcomes.
During the VATTC Trial, a closely related systemic retinoid compound was associated with an unexpected increased mortality among smokers and decreased mortality among never smokers. 4 Increased lung cancer incidence and mortality had previously been reported with less closely related systemically administered compounds. 5 We report the halting of the VATTC Trial intervention 6 months before its scheduled end date because mortality in the tretinoin-treated group was higher than in the vehicle control group, and our evaluation of this potentially causal association between tretinoin therapy and increased mortality.
METHODS
For the VATTC Trial, participants were recruited who had at least 2 keratinocyte carcinomas not located on perianal or genital skin or in a field of previous radiotherapy during the 5 years before randomization and who were verified as being free of skin cancer at fullbody skin examination by a study dermatologist at the randomization visit. Patients with predisposing genetic conditions such as xero-derma pigmentosum or basal cell nevus syndrome or who had received an organ transplant or had known arsenic exposure, mycosis fungoides, psoralen-UV-A photochemotherapy, or previous radiotherapy to the face or ears were excluded from the study, as were patients who were pregnant or nursing, unable to give informed consent, or unable to comply with study requirements as judged by the investigator at the site. Systemic chemotherapy or retinoid treatment in the last 6 months were also exclusion criteria. In addition, a 60-day waiting period without treatment was required for several topical medications before randomization. Of particular importance to this report was the exclusion of patients with a very high risk of death within 3 years, which was defined as including a history of invasive noncutaneous cancer within the last 5 years or metastatic cutaneous cancer, or other serious medical conditions such as endstage cardiac disease, as determined by the site investigator.
Study participants were recruited at 6 VA medical centers (Durham, North Carolina; Hines, Illinois; Miami, Florida; Long Beach, California; Oklahoma City, Oklahoma; and Phoenix, Arizona) and were examined by a study dermatologist at randomization and every 6 months thereafter until the study end date. Overall leadership responsibilities were provided by the study chairman (M.A.W.) at the VA Medical Center in Providence, Rhode Island, and by the Cooperative Studies Program Coordinating Center at the VA Medical Center, Perry Point, Maryland. Random assignment was accomplished using an interactive touchtone telephone randomization system. Clinic coordinators screened potential study participants. After determining that a patient was eligible for randomization and had provided written informed consent, the clinic coordinator called the randomization telephone at the coordinating center. A set of questions was asked to verify eligibility of the patient and, if eligibility was verified, a unique therapy number was assigned to the patient. Each therapy number was associated with 1 of the 2 treatment groups. Associations were randomly determined using permutedblock randomization with block sizes randomly determined and stratified by the participating site. The study cream (tretinoin, 0.1%, cream or vehicle control cream; OrthoNeutrogena, a Division of Ortho-McNeil Pharmaceutical, Inc, Skillman, New Jersey) was applied to the face and ears up to twice daily as tolerated, and with lesser frequency if the patient experienced bothersome dermatitis. Before distribution of the study cream to sites, the contents (active or placebo) of the donated tubes of cream was verified by the VA Cooperative Studies Pharmacy Coordinating Center for all shipments received. Assignment of uniquely numbered tubes of cream to specific patients was accomplished through the use of a telephone system linked to databases containing the contents of the tubes by tube number and treatment assignment by patient therapy number. This system ensured that each patient received active or placebo cream at each study visit appropriate to their treatment group assignment. The primary end points for the study were time to occurrence of new basal cell carcinoma and time to occurrence of new squamous cell carcinoma. Mortality monitoring was based on notification of the site coordinators by a family member of the deceased or by the coordinator's examination of a medical record (usually in anticipation of a study visit) that indicated that the patient had died. Reporting of deaths may have been delayed if the site coordinator was unable to contact the patient or the patient's family during monthly telephone calls or to schedule a study visit and, hence, categorized the patient as lost to follow-up. After the intervention was terminated, the Beneficiary Identification Records Locater Subsystem and the master death file (extracted by the VA from Social Security Administration records) were reviewed to ascertain additional deaths.
The Charlson Index of comorbidities 6 was calculated for each patient from the VA patient treatment databases. The Charlson Index is the weighted sum of 19 indicator variables scored as 0 or 1. Each indicator variable corresponds to a medical condition. Weights vary from 1 to 6. For example, a patient with congestive heart failure (weight = 1), moderate renal disease (weight=2), and a metastatic solid tumor (weight=6) would have a Charlson Index score of 9. Age and smoking status were ascertained at the initial study interview. Smoking status was ascertained because of its association with risk of squamous cell carcinoma of the skin. 7, 8 A substantial percentage of participants at one site (site D) may not have been systematically asked about medication use (an item in the semiannual follow-up interview); thus, analyses involving those variables excluded that site. Independent verification of data was available from site D for other variables reported herein except for self-reported smoking (an item in the baseline interview), which was only verified independently for a portion of the sample. Hence, site D was also excluded from analyses involving smoking, although these exclusions did not materially affect the results reported. Stopping rules were not established.
The Fisher exact test was used to determine P values for 2ϫ2 frequency tables; the t test was used to compare group means. Cox regression models were generated using the PHREG procedure (version 8; SAS Institute, Cary, North Carolina).
Monitoring of the VATTC Trial at least annually was conducted by the Cooperative Studies Program Coordinating Center leadership and by 17 committees: the Executive Committee of the VATTC Trial, the study Data and Safety Monitoring Board, the central Cooperative Studies Program Coordinating Center Human Rights Committee (cHRC), and the institutional review boards and the research and development committees of the 6 participating medical centers and of the study chairman's medical center (VA Medical Center, Providence, Rhode Island). In addition, the Cooperative Studies Evaluation Committee approved this study at the outset and reviewed it at its midpoint to confirm that appropriate progress had been made.
RESULTS
Recruitment was conducted from November 1998 through November 2002, and the last randomization was in January 2003. Study participants were to use the experimental creams and to be followed up through November 15, 2004 (end-of-study date). A total of 1131 veterans were randomized in this trial, 566 to receive tretinoin and 565 to receive the vehicle control ( Figure) . Their mean age at randomization was 71 years; 97% were men. No unexpected adverse events were noted at any time during the trial. The cHRC received a detailed annual report on the progress of the trial and met to discuss that report annually.
The report prepared for the April 29, 2004, cHRC meeting, based on the March 15, 2004, database update, included 167 pages of tables and 4 pages of narrative, as is typical of these reports. Since the report 1 year earlier, 59 more study participants had died, for a total of 135 ( Table 1 ). The excess deaths in the intervention group were statistically significant (82 vs 53; P=.01; 2 =6.54). On the basis of these data, the cHRC voted to stop the study intervention but to continue follow-up in study participants through the scheduled end of the study. On the basis of the same data, the study Data and Safety Monitoring Board advocated further analysis of this finding rather than terminating the intervention. These conflicting perspectives were presented to the study sponsor (the US Department of Veterans Affairs Cooperative Study Program), which decided to terminate the intervention as recommended by JAN 2009 the cHRC while pursuing further analysis of the unexpected finding. The participants were notified to discontinue use of the study cream during the week of May 10, 2004 (end-of-intervention date). Given the scheduled end of the study on November 15, 2004 , there would be no resumption of study treatment regardless of results of further analysis.
Because mortality was not contemplated in the original study design as an end point of interest, some of the data needed to evaluate this difference were not immediately available. Efforts were made, including accessing the VA master death file, to obtain a more complete ascertainment of deaths among participants randomized into the study and the causes of those deaths. An additional 18 deaths were ascertained in the tretinoin-treated group and 17 in the control group that had not been previously identified but were discovered through searches of the Beneficiary Identification Records Locator Subsystem database, and these were included in the June 2004 Data and Safety Monitoring Board report. Subsequently, an additional 14 deaths before the end-of-intervention date were ascertained, 8 in the tretinoin group and 6 in the control group, and another 14 deaths occurred in each group between the endof-intervention date and the end-of-study date.
Evaluation of the data for an association with total number of tubes of cream used by self-report and with the selfreported typical (modal) frequency of use are reported in Table 2 . These analyses did not reveal a clear explanation for the overall observed difference in deaths between the tretinoin-treated and vehicle control groups. The strength of evidence for that difference, as measured using the P value for the comparison between randomized groups, was greatest for those in the once-daily stratum of medication use (P=.005 and .01 as of end of intervention and end of study, respectively), was weaker in the twice-daily stratum (P=.3 and .3), and was weaker still in the less- than-once-daily stratum (P=.9 and .7). If the once-and twice-daily use strata were combined, the strength of evidence as measured using the P value would be similar to that of the once-daily stratum alone (P=.006 and .008), although the risk difference would be reduced (from 11.4% to 7.5% at the end of intervention and from 11.3% to 6.2% at the end of study).
To assess the variation in deaths by study site, we examined the data to determine whether 1 or more of the 6 sites had an apparent excessive number of deaths. No such excess was detected. We noted that site C (see Table 2 ) had the largest difference in deaths between randomized groups but were unable to identify a specific explanation for this difference. The additional analyses performed to evaluate the distribution of the underlying mortality to determine whether overdispersion was present, that is, whether the distribution of these rates was consistent with a Poisson distribution or had a substantially larger variation, revealed no evidence for overdispersion using the GENMOD procedure (SAS Institute) (data not shown).
We examined specific causes of death in both groups ( Table 3 ). We noted a statistically significant (PϽ.05) endof-study excessive number of deaths in the tretinoin-treated group only in the vascular disorders category; however, this category accounted for only 9 of 32 excess deaths in the tretinoin-treated group, and deaths owing to myocardial infarction,arguablyavasculardisorderbutclassifiedseparately, were evenly balanced between groups. Other differences of more than 5 deaths between groups included non-small cell lung cancer and respiratory, thoracic, or mediastinal disorders (7 and 8 excess deaths in the tretinoin-treated group, respectively, including 3 excess deaths in the chronic obstructive pulmonary disease subcategory) and infections or infestations (6 excess deaths in the control group). Differences as of the end-of-intervention were generally similar ( Table 3) . Although no single cause of death could account for the overall difference in mortality, an excessive number of deaths possibly related to smoking (respiratory and vascular disorders and non-small cell lung cancer) was considered on the basis of these data.
Attention was next focused on key variables considered potentially important predictors of death. Among those were the Charlson Index, age, sex, educational achievement (high school graduate or not), and smoking status (current smoker vs not at randomization, former smoker, and pack-years of smoking). We found that the most important predictors at both the end of the intervention and the end of the study, using univariate Cox regression analysis, were the Charlson Index, age, and smoking status. The quadratic term for age was not associated with mortality and, therefore, was not kept in the final model. The number of women in this trial was small (n=34), and the association of female sex with reduced mortality was of borderline statistical significance (P=.056). For the Charlson Index, age, and current smoking status, a small statistically insignificant imbalance was associated with worse predicted prognosis in the tretinoin-treated group ( Table 4) . The association of tretinoin use with death was analyzed using multivariate Cox regression, which adjusted for the Charlson Index, age, and smoking status. The best representation of smoking status in these models was whether the participant was a smoker at randomization. In this multivariate analysis, the association of tretinoin therapy with death remained statistically significant, albeit with a confidence interval lower boundary approaching 1.0, and only slightly diminished in magnitude ( Table 5 ). No interaction was noted between assignment to the tretinoin group and smoking in the effect on mortality.
COMMENT
The VATTC Trial was a 6-year randomized chemoprevention study directed at the most common malignant lesions in the United States: basal and squamous cell carcinoma of the skin. This report evaluates the association of treatment with high-dose topical tretinoin (0.1%) with mortality that was observed during this trial and resulted in halting the intervention 6 months before the end of the study.
Our evaluation is limited by the post hoc nature of these analyses; they were not planned at the outset of the study. It is possible that some of the data used for these analyses were incomplete or inaccurate. For example, we did not verify smoking status, and our information on comorbidities was derived from VA databases that may have been incomplete. Most important, mortality may have resulted from factors not assessable in this study. Strengths of this analysis include prospective collection of data, independent of and before any knowledge of the veteran's death.
Serious adverse events, death in particular, raise obvious concern when imbalanced between treatment groups in any trial. Each situation must be evaluated in the context of the appropriate criteria for considering whether the association is one of cause and effect.
We considered the possibility that topical tretinoin applied to the face and ears might be a cause of death. One study that was published during our trial involved systemic administration of isotretinoin, a closely related compound. That trial found a significant interaction between the medication and smoking in their effect on mortality, with isotretinoin therapy associated with increased mortality among smokers. 4 Studies involving a less closely related compound, beta carotene, have also suggested an increased risk of lung cancer and risk in smokers. 5, [10] [11] [12] We looked for an interaction in our data with smoking, analogous to that found in the isotretinoin trial, but could not find one. We noted that topical tretinoin has been used to treat acne vulgaris (and other indications) and in clinical trials for decades, with no suggestion of an associated mortality risk (although death would generally be rare if it occurred at all in those trials). The differences in individual causes of death were not specific. A dose-response relationship between total number of tubes of cream used and frequency of use with risk of death was not present in our data, although we could not definitively rule out a threshold effect on the basis of our data.
We also noted the published literature that described absorption of various formulations of percutaneously applied tretinoin of 1% to 8% [13] [14] [15] [16] [17] [18] and that the current prescribing information of one formulation refers to absorption of up to 31% of the applied dose under certain circumstances. 19 After application for at least 1 year in 1 study, absorption of less than 2% was noted. 15 Several publications have noted that the amount of tretinoin absorbed does not significantly alter the endogenous levels of tretinoin and its metabolites; the concentration of absorbed tretinoin was estimated at about 1% of the endogenous concentration. 14, 17, 18, 20, 21 Systemically administered all-trans retinoic acid is used as therapy for acute promyelocytic leukemia and has been particularly recommended in elderly persons. 22 In that context, it has been associated with retinoic acid syndrome, which is characterized by respiratory distress and fever, often in association with pulmonary infiltrates and edema, and pleural or pericardial effusions. 23 This syndrome typically develops within 10 days of treatment initiation, is treated with systemic steroids, and is associated with mortality risk of approximately 5%. 24 It does not seem to be a complication of maintenance systemic all-trans retinoic acid therapy. Although the information available on deaths in the study population was limited, pulmonary effects were noted among the causes responsible for excess deaths and are prominent among the manifestations of retinoic acid syndrome, but other similarities with this syndrome were not apparent.
It has been suggested that topical tretinoin might cause pulmonary disease-related death. 25 However, in light of the minimal effect on systemic tretinoin concentrations and the other considerations mentioned, we found it difficult to construct biologically plausible mechanisms that would explain a direct causal link between the intervention in the VATTC Trial and death owing to multiple causes, and we were unable to conceive of a plausible mechanism by which tretinoin could indirectly lead to a fatal outcome.
No early stopping rule for the mortality end point was specified in this study. The cHRC had no explicit stopping rule and in practice stopped the intervention when the P value decreased from .19 to .01. Inasmuch as they met to review data annually during the trial (a total of 5 meetings), the probability of the cHRC stopping a trial such as this because of a mortality difference at some point in the trial may have exceeded 5% as a result of the multiple examinations performed, even if there were no true causal difference between experimental groups in deaths.
Elderly populations are characterized by multiple comorbidities and substantial mortality risk. It would be unfortunate if this resulted in failure to adequately study interventions in elderly persons. Particularly for long-term studies in this population, death should be contemplated as an end point for analysis and stopping rules should be established regardless of the known safety of the intervention. This would enable appropriate ␣ levels to be established. It is also worthwhile to prospectively collect information on key predictors of death at enrollment so that any difference in mortality between groups that may emerge can be adequately analyzed rapidly with prompt feedback to appropriate oversight committees.
We note that there were a large number of oversight committees for this trial, leading to disagreement among them, in addition to substantial administrative burden. More efficient, streamlined oversight such as by a single central institutionalreviewboardmaybebeneficialinmulticenterstudies.Thechallengeistobesensitivetopotentialsignalsofharm while minimizing the disruption, burden, and potential adverse effects associated with generating false signals.
The biological implausibility, lack of specificity of causes of death, inconsistency with previous experience, weak-ness of other supportive evidence in our data, and weak statistical signal cast doubt on a potential causal association of topical tretinoin with death in the VATTC Trial. However, it is important to note that our population of primarily elderly men is different from those previously reported with large-scale topical tretinoin treatment and that our dosages were higher than in these previous studies. We suggest improvements in oversight of multicenter trials such as minimizing overlapping responsibilities and establishing appropriate criteria for major decisions of monitoring committees. We do not conclude that this trial provides
